Introduction 46 The connectivity of neuronal circuits is established through properly guided 47 axons which form functional synaptic connections. The growing axon is guided to its 9 140 ( Figure 1A-B , F). These data suggest that RHO-1 normally inhibits VD growth cone 141 protrusion. 142 The polarity of filopodial protrusions was not affected by rho-1(DN) or rho-143 1(RNAi), as protrusions still displayed a dorsal bias similar wild-type ( Figure 1G-I) . 144 Thus, despite showing increased protrusion, the polarity of growth cone protrusion was 145 not affected by rho-1. 146 147 RHO-1 is required to limit EBP-2::GFP puncta accumulation in VD growth cones. 148 Previous studies indicate that in VD growth cones, F-actin accumulates at the 149 dorsal, protrusive edge of the growth cone and acts as a polarity mark to specify 150 protrusion in this region (Figure 2A 
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VD growth cone F-actin was monitored using the VAB-1ABD::GFP reporter, and 10 162 1(T19N) and rho-1(RNAi) (Figure 2E , G, and H), consistent with increased protrusion in 163 these backgrounds. 164 Constitutively-active rho-1(G14V) resulted in fewer EBP-2::GFP puncta, 165 consistent with reduced growth cone protrusion ( Figure 2E ). F-actin polarity was also 166 abolished, with distribution along the periphery of the entire growth cone (Figure 2A rhgf-1(gk292502) produces a premature stop just before the C1 domain ( Figure 3A) . 184 rhgf-1 mutants each displayed increased growth cone area and longer filopodial 11 185 protrusions compared to wild-type ( Figure 3B-F) . The dorsally-biased polarity of growth 186 cone protrusion was not significantly affected by rhgf-1 mutation ( Figure 3G -I). These 187 data indicate that RHGF-1 is normally required to limit the extent of growth cone 188 protrusion, but does not regulate growth cone polarity, similar to rho-1. 189 The Drosophila RHGF-1 homolog DRhoGEF2 is a key regulator of 
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Our results here show that the small GTPases RHO-1 and the Rho Guanine 279 nucleotide Exchange factor RHGF-1 mediate inhibition of growth cone protrusion and 280 are required to limit MT+ -end accumulation in growth cones, similar to UNC-5 and 281 UNC-33. However, RHO-1 and RHGF-1 had no effect on growth cone polarity (i.e. 282 mutants did not affect dorsally-biased distribution of filopodial protrusion and F-actin). Loss of rhgf-1 resulted in increased growth cone protrusion and accumulation of 332 EBP-2::GFP, similar to but more pronounced than dominant-negative RHO-1(T19N) 333 and rho-1(RNAi) (Figures 3 and 4 ). Furthermore, rhgf-1 mutants had no effect on growth 334 cone polarity of protrusion or F-actin distribution (Figure 4 ). RHGF-1 might be an 
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If RHO-1 is activated by UNC-5, we expect that activated rho-1(G14V) would be 369 epistatic to unc-5 loss-of-function. This was not the case, as growth cones of rho-370 1(G14V); unc-5(lof) double mutants resembled those of unc-5(lof) alone, with increased 371 protrusiveness and EBP-2::GFP accumulation (Figure 9 and 10) . Possibly, loss of UNC- protrusive growth cones of unc-5 mutants, it did suppress those of unc-33 ( Figure 11 ).
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Protrusion of growth cones of rho-1(G14V); unc-33 double mutants resembled rho-386 1(G14V) alone (i.e. protrusion was reduced and growth cones were small).
387
Interestingly, despite their small size, inhibited unc-33; rho-1(G14V) growth 388 cones displayed increased EBP-2 puncta compared to wild-type animals, but 389 significantly lower than unc-33 mutants alone ( Figure 12 ). Thus, activated RHO-390 1(G14V) can fully suppress excess protrusion, but not EBP-2::GFP accumulation, of 391 unc-33 mutants. Together, these results suggest that UNC-33 is required for activated 392 RHO-1(G14V) to restrict MTs from growth cones. They also suggest that RHO-1 has a 393 role in protrusion that is independent of MT accumulation, as protrusion was reduced in puncta in wild-type and mutant animals as described in Figure 2E . Asterisks (*) indicate 690 the significant difference between single mutants and the double mutant (*p < 0.01). 
